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Abstract
Background: Surgical resection is the standard treatment for liver metastases, although for the majority
of patients this is not possible. Stereotactic body radiotherapy (SBRT) is an alternative local-regional
therapy. The purpose of this study was to evaluate the results of SBRT for secondary liver tumours from
a combined multicentre database.
Methods: Variables from patients treated with SBRT from four Academic Medical Centres were entered
into a common database. Local tumour control and 1-year survival rates were calculated.
Results: In total, 153 patients (91 women) 59  8.4 years old with 363 metastatic liver lesions were
treated with SBRT. The underlying primary tumour arose from gastrointestinal (GI), retroperitoneal and
from extra-abdominal primaries in 56%, 8% and 36% of patients, respectively. Metastases, with a gross
tumour volume (GTV) of 138.5  126.8 cm3, were treated with a total radiation dose of 37.5  8.2 Gy in
5  3 fractions. The 1-year overall survival was 51% with an overall local control rate of 62% at a mean
follow-up of 25.2  5.9 months. A complete tumour response was observed in 32% of patients. Grade
3–5 adverse events were noted in 3% of patients.
Conclusion: Secondary liver tumours treated with SBRT had a high rate of local control with a low
incidence of adverse events.
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Introduction
Liver metastases are the most common hepatic tumour. More
than 40 000 patients with liver metastases from colorectal cancer
are diagnosed per year in the USA.1 Surgical resection is the stand-
ard of treatment for selected secondary liver tumours, but less
than 20% of patients are amenable to an operation due to
advanced local disease or a medical condition.2 Alternative local/
regional therapies have commonly been used for palliation or in
an attempt to cure.3 Radiofrequency ablation (RFA), trans-arterial
chemo-embolization (TACE) and Y90 embolization have encoun-
tered limitations mainly as a result of the tumour location, size,
number or underlying liver dysfunction.4–7
Stereotactic radiosurgery (SRS) was initially developed for
brain tumours with response rates above 60%.8 It allows for a
precise delivery of large doses of radiation to the tumour while
sparing the surrounding normal tissues.8,9 Further advances in
stereotactic body radiotherapy (SBRT) have overcome the diffi-
culties presented by the inherent movement of abdominal organs
that occurs during the respiratory cycle. Four broad categories of
respiratory control have been developed in order to deliver high
doses of radiation to liver tumours: tumour motion dampening,
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respiratory gating, active breathing coordination and tumour
tracking. The tracking of the tumour during the patients normal
respiratory cycle is performed by: (a) an internal fluoroscopic
monitoring of fiducial markers placed in or around the tumours;
(b) a computer software that creates an algorithm linking the
tumour movement with the chest wall movement; and (c) infra-
red Light Emitting Diodes (LED) placed on the patient’s chest and
a wall-mounted infra-red detector which allows for the construc-
tion of a patient’s breathing model. The accuracy of radiation
delivery during a standard treatment was 0.3 0.1 mm as meas-
ured at three different SBRT facilities.6 An initial experience with
17 patients whom underwent SBRT for liver tumours showed high
response rates with low adverse events.4 The aim of the present
study was to analyse the results of SBRT for secondary liver
tumours from four academic centres with the use of two different
methods to deliver SBRT under the perspective of the current
literature.
Materials and methods
Patient population
Information from patients who underwent SBRT as treatment
for secondary liver tumours from four Academic Medical Centres
were merged into Institutional Review Board (IBR)-approved
databases for analysis. Patients treated from April 2000 to
September 2010 were entered. They were assessed by a multi-
disciplinary team formed with hepatobiliary surgeons, radiation
oncologists, medical oncologists and nurse practitioners. Inclu-
sion criteria included: (i) biopsy-proven metastatic liver malig-
nancy, (ii) non-resectable disease and (iii) a life expectancy of at
least 3 months. Limited information was available for patients
with ovarian, lung and genito-urinary (GU) liver metastases due
to a combination of a limited number of patients and low com-
pliance with follow-up.
A search of current published literature was performed by the
use of PubMed (http://www.ncbi.nlm.nih.gov/pubmed) where
the keywords metastatic liver, SBRT and cancer treatment were
entered into the webpage engine. From 1997 to 2011, 31 articles
were published. Articles were reviewed and the ones where data
were presented and reported in similar format as the present
report were considered in the final pooled analysis. Fourteen
studies were finally included for a total of 541 patients with a
similar distribution of liver metastatic malignancies when com-
pared with the current study population.3–5,10–20
Stereotactic body radiation therapy (SBRT)
Although protocols differed from one Institution to another, the
radiation plan for each patient at all Centers was developed,
reviewed and approved by a surgeon, a radiation oncologist, a
medical oncologist and a physicist. All patients were staged with
contrast-enhanced computerized tomography (CT scan), mag-
netic resonance imaging (MRI) and/or positron emission tomog-
raphy scan (PET). Regional lymph nodes were not included in the
treatment plan. Subsequent imaging for treatment plan develop-
ment and contouring was obtained as needed and according to
institution guidelines and payer approval. Three to six fiducial
markers were placed (3 to 5 mm in size) under different techniques:
percutaneously under CT guidance, using laparoscopic techniques
or at open surgery. Markers were inserted within or around the
tumour tissue and at a minimum distance of 2 cm between adja-
cent markers.7,8,10 One week was provided between markers place-
ment and imaging studies for SBRT treatment planning.
The treatment delivery technique varied by institution mainly
because of the type of equipment available: (i) two centres had
treatment delivered with the CyberKnife® system, providing
therapy in several fractions on consecutive weekdays. In brief,
subject’s imaging was imported into the Multiplan™ treatment
planning system version 2.05 (Accuray Inc., Sunnyvale, CA, USA)
and digitally fused in order to contour the gross tumour volume
(GTV). An additional margin of about 3–5 mm was added in
order to obtain the planning target volume (PTV). Patients were
immobilized for imaging using a custom Alpha Cradle (Smithers
Medical Products, Akron, OH, USA) and fitted with a synchrony
vest. 100 to 300 6 MV X-ray beams were used for each plan. SBRT
was performed under real-time kilovoltage camera fiducial track-
ing and real-time respiratory motion modelling using a separate
Synchrony® Respiratory Tracking System (Accuray Inc.). This
system is equipped with a robotic arm which can point the linear
accelerator from up to 1600 non-coplanar targeting angles. (ii)
The other two centres performed treatment on their patients
using the Novalis ExacTrac® patient positioning system (Brain-
LAB AG, Heimstetten, Germany). This consists of a vacuum
cushion bag for positioning and external body fiducial markers
monitor from two ceiling-mounted infrared cameras. Respiratory
gating was obtained using a relaxed, end-expiratory breath-hold
technique. Treatment planning was performed using the BrainS-
can® treatment planning system (BrainLAB). The GTV was con-
toured on CT scans fused with MRI and/or PET scans, when
available. The PTV was generated with an expansion of the GTV
of 10 mm in the craniocaudal direction and 7 mm in other direc-
tions. SBRT was delivered with the Novalis™ linear accelerator
system using conformal arcs or multiple fixed coplanar beams.
The average treatment time was 2 h per fraction.
Assessment of treatment response and
tumour recurrence
Follow-up of patients included a full physical examination, blood
work and imaging studies (CT, MRI and/or PET scans). They were
scheduled every 3 months for 2 years after SBRT. Patients who
survived >2 years were assessed every 3 to 6 months depending
upon clinical needs. The maximum tumour diameter and the
GTV were measured exporting the images to the SBRT planning
system (Multiplan or BrainLAB). Local control was defined as an
absence of radiological progression of the treated lesion. A
tumour response to SBRT was graded using RECIST 1.1 criteria
(Response Evaluation Criteria in Solid Tumors version 1.1).21,22
This system has four tumour response grades: a complete
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response (CR) or disappearance of all target lesions; a partial
response (PR) when at least a 30% decrease in the sum of the
longest diameter (LD) of target lesions was observed, taking as
reference the baseline sum of the LD; progressive disease (PD) was
granted when at least a 20% increase in the sum of the LD of target
lesions was noted, taking as reference the smallest sum LD
recorded since the treatment started or the appearance of one or
more new lesions; stable disease (SD): neither sufficient shrinkage
to qualify for PR nor a sufficient increase to qualify for PD, taking
as reference the smallest sum LD at the time treatment started.20 In
order to further evaluate partial tumour responses, a previously
published grading system was used based on tumour volume.4
Partial response grade I: at least a 10% decrease in tumour volume
but less than 30% from the original tumour volume; Partial
response grade II: a decrease in volume30% but <50% from the
original tumour volume; and Partial response grade III: a decrease
in tumour volume 50%. When there was no change in tumour
volume but vanishing of the enhancement or PET activity
resolved, it was scored as a grade III partial response.
Recurrences were also graded according to a previously pub-
lished scale.4 Grade 1: local recurrence (tumour progression
within or at the periphery of the radiation field manifested as
increased size or enhancement) with two subgroups, Grade 1a: 1
local recurrence and Grade 1b: > 1 local recurrences; Grade 2:
distant intra-abdominal recurrence (new tumour >3 cm away
from the radiation field or in another organ); Grade 3: distant
extra-abdominal recurrence; and Grade 4: a combination of local
and distant recurrences.
Adverse events
Adverse events after SBRT were graded on a 1–5 scale according to
National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI CTCAE v3.0, http://www.cancer.gov).
Causes were attributed to surgery, the placement of fiducial
markers, chemotherapy or radiation therapy or related to medical
comorbidities.
Statistical analysis
A common database of clinical, imaging and SBRT variables for
each patient was created from four medical centres. Subjects and
tumour characteristics were expressed in mean standard devia-
tion. Parametric variables were compared by anova and when
differences were detected multiple comparisons between two
groups were performed using Student’s t-test. Non-parametric
variables, i.e. the occurrence of adverse events were compared
between groups using chi-square methods. A probability < 0.05
was defined as statistically significant using JMP Statistical Dis-
covery Software version 9.0 (SAS Institute, Cary, NC, USA).
Radiological evaluation of the tumour response was calculated at
3 months post-treatment follow-up and the 1-year overall survival
(OS) rate was calculated from the date of SBRT to the day of last
follow-up or death.
Results
The cohort of patients consisted of 153 patients (91 = 59%
female) with at a mean age of 59 8.4 years. A total of 363
tumours were treated. Patient demographics, characteristics of
their malignant condition and SBRT treatment parameters are
summarized in Table 1. The number of treated lesions per patient
was 2.5 1.1 with a gross tumour volume (GTV) of
138.5 126.8 cm3 and a mean follow-up of 25.2 5.9 months.
The 1-year overall survival was 51% whereas the overall local
control rate was 62%. Using RECIST criteria, 46 subjects had a
complete response (32%), 38 individuals had a partial response
(27%), 36 remained stable (26%) and 19 subjects (13%) showed
progression during follow-up (patients with ovarian malignancy
were not included). Ninety-two patients (60%) underwent
chemotherapy prior to SBRT treatment, 58 resections (38%), 34
RFA (22%) and 15 patients TACE (10%). The total radiation dose
delivered was 37.5 8.2 Gy in 5 3 consecutive fractions at an
isodose line of 70%. Grade 1 and Grade 2 adverse events from
SBRT were noted in 58 patients (38%) whereas Grade 3 & 4
toxicity was observed in five subjects (3%). No deaths were
recorded from SBRT treatment.
Eighty-five patients (56%) had metastases from the GI source.
The most common was from colorectal primary (n = 53 or 70%)
followed by pancreatic adenocarcinoma (n = 16 or 21%) and few
from other GI sources (GIST, n = 6 or 8%). There were no statis-
tical significant differences in the age or number of treated lesions
per patient when colorectal was compared with pancreatic
primary (P > 0.05, t-test, Table 1). Treated liver metastases from
colorectal cancer were significantly larger when compared with
liver metastases from pancreatic tumours [182 versus 60 cm3,
(means provided), respectively, P < 0.05, t-test]. In addition, the
method used to deliver a prescribed radiation dose to the tumour
(respiratory gating versus tumour tracking) had no effect on the
tumour response (P > 0.05, chi-square, Table 2). Recurrence pat-
terns of liver metastases were different. Patients with liver metas-
tases from a colorectal and pancreatic origin tend to have
recurrences both in field as well as distant from the treatment site.
The main pattern of recurrence for patients with liver metastases
from GIST was in the field. Local failures to SBRT (recurrence
Grade 1A) were noted mainly for liver metastases from adenocar-
cinoma of the pancreas (Table 1). Secondary liver tumours from
an abdominal primary other than the GI tract suffered small
numbers (Table 1). A complete or partial tumour response was
observed in 43 patients (65%) with other than GI-treated
tumours.
Overall adverse events were noted in 63 of the treated patients
(41%). No difference was noted in adverse events on patients
treated for colorectal metastases by the method used (respiratory
gating versus tumour tracking) even although the number of frac-
tions used to deliver the prescribed radiation dose was signifi-
cantly different (10 versus 3 fractions, P < 0.05 by t-test, Table 2).
Grade 1 adverse events, including fatigue and nausea, were
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observed in 55 subjects (36%) whereas Grade 2 and Grade 3
toxicities were recorded in 3 (1.9%) and 5 (3.2%) patients, respec-
tively (Table 3). No Grade 4/5 adverse events were noted.
Discussion
The present series report a multicentre experience with the use of
SBRT for non-resectable liver metastases from GI, non-GI and
extra-abdominal primaries. One hundred and fifty-three patients
with 363 metastatic liver lesions were treated with SBRT. There
were no differences in the tumour response for colorectal metas-
tases treated by SBRT using two different methods of radiation
delivery (respiratory gating versus tumour tracking). The 1-year
overall survival was 51% whereas the overall local control was
62% at a mean follow-up of 25.2 5.9 months with an overall
rate of Grade 2–3 adverse events of 5.1% and no Grade 4–5
toxicity.
To the best of the authors’ knowledge, the present study is the
largest experience with SBRT for liver metastases to date. It
showed SBRT as a safe technique for the precise delivery of
radiation to liver tumours minimizing parenchymal toxicity. It
supports further studies of SBRT as an alternative loco-regional
treatment modality for liver metastasis. Prospective trials, includ-
ing phase II and III studies, are in need to fully evaluate both the
Table 1 Demographics, baseline characteristics and response of tumours treated using stereotactic body radiation therapy (SBRT) from
patients with non-resectable liver disease from four Academic Medical Centres
From abdominal primary From retroperitoneal primary From extra-abdominal primary
Colorectal Pancreas Other GI Carcinoid Gen-urinary Sarcoma Breast Ovarian Lung
Number of patients 53 16 6 10 7 6 32 12 11
Age (years)
*mean (range) 66 (62–73) 64 (41–70) 59 (51–63) 48 (23–64) 64 (61–67) 59 (42–70) 56 (53–61) 70 (68–71) 65 (60–68)
Gender
Male/female 1.7:1 1:1 0.75:1 1.25:1 0.75:1 1.1:1 0.75:1 0.75:1 0.75:1
Lesions per patients 1.6 (1–6) 1.2 (1–3) 1.1 (1–3) 2.4 (1–3) 2.9 (1–3) 2.8 (2–3) 3.3 (1–5) 2.5 (1–4) 1.7 (1–4)
Median follow-up
(months)
17 14 33 11 92 21 13 21 19
One-year survival (%) 56 75 50 100 75 0 67 50 77
Overall local control
(%)
60 39 81 70 38 84 62 NA 58
Tumour volume
GTV cm3 (mean
and range)
182 (60–581) 60 (22–476) 61 (38–215) 141 (8–301) 184 (41–326) 266 (42–340) 44 (10–85) 71 (32–116) 107 (63–206)
SBRT
Total dose (Gy) 41 36 27 39.2 43 31.3 38 30 46.5
RECIST, number (%)
CR 12 (23) 0 6 (100) 7 (70) 5 (71) 4 (66) 9 (29) NA 4 (40)
PR 20 (38) 4 (25) 0 0 0 1 (17) 11 (35) NA 2 (20)
SD 15 (28) 10 (62) 0 2 (20) 0 1 (17) 8 (25) NA 0
PD 6 (11) 2 (13) 0 1 (10) 2 (29) 0 4 (11) NA 4 (40)
Partial tumour response
Grade 1 10 (20) 3 (19) 0 NA NA NA NA NA NA
Grade 2 9 (16) 1 (6) 0 NA NA NA NA NA NA
Grade 3 1 (2) 0 0 NA NA NA NA NA NA
Tumour recurrence
Grade 1a 0 1 (6) 0 NA NA NA NA NA NA
Grade 1b 8 (15) 4 (25) 6 (100) NA NA NA NA NA NA
Grade 2 3 (6) 6 (40) 0 NA NA NA NA NA NA
Grade 3 5 (9) 0 0 NA NA NA NA NA NA
Grade 4 8 (15) 9 (56) 0 NA NA NA NA NA NA
GTV, gross tumour volume; NA, not applicable.
‘Other GI’ refers to other gastrointestinal tumours excluding colorectal, pancreatic and carcinoid tumours.
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role of SBRT as part of a multimodality primary approach and its
long-term efficacy.2 Patients with colorectal liver metastases ame-
nable to a resection have 5-year survival rates between 30% to
60%. Nevertheless, recurrences are frequent and in spite of
advances in chemotherapy the 5-year survival of patients with
recurrences is less than 5%.16,23–25 The current series and the pub-
lished data have shown a high local control rate for liver colorectal
metastases treated with SBRT20,26,27 even although treated lesions
in the present series were significantly larger (182 versus 44 cm3,
P < 0.05, t-test). In the present study, 53 patients with colorectal
liver metastases had a local control rate of 60% with a 1-year
survival rate of 56%. These results are concordant with a 42%
local control rate and 73% 1-year survival of 239 patients in the
literature3–6,10–12,15,16,20 (Table 4). The treatment of liver metastases
from pancreatic cancer is controversial. Patients tend to have a
tendency for systemic involvement and thus an overall poor prog-
nosis. Low numbers of patients in this group preclude further
meaningful analysis. While patients with liver metastases from
colorectal and pancreatic primaries tend to recur both in the field
and systemically, those with liver metastases from GIST had in
field recurrences. Local failures to SBRT (recurrence Grade 1A)
were noted mainly for adenocarcinoma of the pancreas. Recur-
rence patterns for specific tumours may help authors to develop
protocols that optimize long-term results after SBRT treatment.
Liver metastases develop in more than half of the patients with
stage IV breast cancer.29 Out of all the patients with metastases to
Table 2 Response of liver metastases from colorectal primary to stereotactic body radiation therapy (SBRT) using a radiation delivery
method to the tumour
Radiation delivery method P-value
RG TT
Number of patients 37 16
Characteristics of lesions
Number per patient (M  STDV) 1.7  1.4 1.5  0.8 NS
Tumour gross volume (cc) 217  181 183  172 NS
Total +partial response (%) 58 61 NS
Total radiation dose (Gy) 46  9 39  9 NS
Number of fractions 10  2 3  3 <0.05
Grade 3–5 adverse events (%) 0 0
RG, respiratory gating; TT, tumour tracking; NS, no significant.
Table 3 Adverse events reported in 153 patients with non-resectable secondary liver tumours treated by stereotactic body radiation therapy
(SBRT) (A) from four Academic Centres and (B) from the published literature
(A) Academic Centres
(n = 153)
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Primary tumour, n (%)
Colorectal 32 (21) 0 0 0 0
Pancreas 8 (5.2) 0 0 0 0
Other GI 1 (0.06) 2 (1.3) 0 0 0
Carcinoid 5 (3.2) 0 5 (3.2) 0 0
Breast 9 (5.8) 1 (0.06) 0 0 0
Sarcoma 0 0 0 0 0
Total (%) 55 (36) 3 (1.9) 5 (3.2) 0 0
(B) Published literature
(n = 541)
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Primary tumour (%)
Colorectal 21 9 6 0.2 0
Pancreas 68 27 0 0 0
Other GI 29 2 3 0 0
Carcinoid 27 9 0 0 0
Breast 26 15 6 0.9 1.3
Total as mean (%) 34 12 3 0.22 0.3
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the liver, 5% will have isolated liver involvement. Even with sys-
temic chemotherapy, the median survival for those patients with
liver exclusive or limited extra-hepatic disease is 19 to 26
months.29 Hormonal therapy is of limited use because breast
tumours that metastasize to the liver typically are hormone recep-
tor negative.29 After a resection, if feasible, the median survival is
27 to 57 months.30 SBRT has also been used as treatment modality
for breast metastases to the liver.31 In the present review of the
literature, 62 patients were identified as having been treated with
SBRT with a 1-year survival rate of 64%3–5,10–12,15,16,26 (Table 4).
Within the current series, treated patients with breast liver metas-
tases (n = 32) had a 1-year survival rate of 67% and a local tumour
control rate of 62%. Other secondary liver tumours such as GU
tumours had a significantly lower tumour response to SBRT when
compared with the published series5,10–12 (38% versus 81%,
P < 0.05, t-test). This discrepancy may be as a result of a longer
follow-up in the current series (92 versus 9.6 months, means
provided, respectively) and larger GTV’s (184 versus 23 cm3,
means provided, respectively) at a similar delivered radiation
dose. The 1-year survival rate of patients with liver metastases
from sarcoma was null in this study and 61% in the literature3,10–16
(Table 4). This difference in tumour response may be explained by
a more advanced stage of the disease as manifested by larger
GTV’s in the patients from the present series (266 versus 23 cm3,
means provided, respectively).
Overall adverse events were noted in 41% (n = 58) of treated
patients (Table 3). Most of the recorded adverse events in the
present study were Grade 1 including nausea and transient
fatigue, rates comparable with the rates observed by others
(Table 3). Grade 4 and 5 toxicities were rare and reported in <1%
in the present series and the reported literature.3–5,10–20 One death
was observed from liver failure 7 weeks after SBRT in a patient
who received greater than 10 Gy to 60% of his liver.28 Another
patient was found to have liver fibrosis, portal hypertension and
bleeding from oesophageal varices after treatment with SBRT of
two liver metastases close to the liver hilum.12
The presented descriptive series should be interpreted in the light
of its relative small numbers. Patients were managed in a multidis-
ciplinary and multi-modality approach under IRB-approved pro-
tocols. The present study describes the largest series of patients with
metastatic liver tumours treated with SBRT, in whom 1-year sur-
vival was 51% with low toxicity. Future studies are required to better
define the role of SBRT for the treatment of liver metastases.
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Table 4 Demographics, baseline characteristics and response of tumours treated by stereotactic body radiation therapy (SBRT) from
patients with non-resectable liver disease from the published literature
From abdominal primary From retroperitoneal primary From extra-abdominal primary
Colorectal Pancreas Other GI Carcinoid Gen-urinary Sarcoma Breast Ovarian Lung
Number of patients 239 21 9 20 11 130 62 13 36
Age (years)
Mean (range) 61 (55–72) 58 (55–60) 61 (55–70) 60 (60–65) 55 (60–65) 60 (55–60) 58 (55–60) 58 (55–64) 57 (55–60)
Gender
Male/female 1.4:1 0.9:1 1:1 0.75:1 NR 1.1:1 0.75:1 0.75:1 0.75:1
Lesions per patients 1.5 NR NR 1.5 NR NR 3.3 NR NR
Median follow-up
(months)
16 12 14 14 10 16 14 12 14
One-year survival (%) 73 69 61 77 74 61 64 73.3 81
Overall local control
(%)
42 77 76 81 81 76 NR NR 85
Tumour volume
GTV in cc
(mean & range)
44 (10–252) 23 (10–386) 23 (10–229) 37 (22–46) 23 (10–46) 23 (10–229) 20 (10–386) 37 (18–386) 23 (10–386)
SBRT
Total dose (Gy) 40 32 39 34.4 32.3 39.3 36.3 35.7 37.4
RECIST (%)
CR 50 (21) 4 (18) 3 (35) 6 (33) 4 (36) 46 (35) NR NR NR
PR 100 (42) 5 (25) 4 (44) 9 (45) 4 (36) 52 (40) NR NR NR
SD 45 (19) 4 (18) 1 (11) 0 3 (27) 8 (6) NR NR NR
PD 41 (17) 0 1 (11) 4 (22) 0 24 (18) NR NR NR
GTV, gross tumour volume; NR, not reported.
‘Other GI’ refers to other gastrointestinal tumours excluding colorectal, pancreatic and carcinoid tumours.
856 HPB
HPB 2013, 15, 851–857 © 2013 International Hepato-Pancreato-Biliary Association
References
1. Silverberg E, Boring CC, Squires TS. (1990) Cancer statistics. CA Cancer
J Clin 40:9–26.
2. Dawood A, Mahadevan A, Goodman KA. (2009) Stereotactic body radia-
tion therapy for liver metastases. Eur J Cancer 45:2947–2949.
3. Goodman KA, Wiegner EA, Maturen KE, Zhang Z, Mo Q, Yang G et al.
(2010) Dose-escalation study of single-fraction stereotactic body radio-
therapy for liver malignancies. Int J Radiat Oncol Biol Phys 78:486–493.
4. Goyal K, Einstein D, Yao M, Kunos C, Barton F, Singh D et al. Cyberknife
stereotactic body radiation therapy for non-resectable tumors of the liver:
preliminary results. HPB Surg. 2010. Available at http://www.ncbi.
nlm.nih.gov/pubmed/20689733 (last accessed 3 January 2013).
5. Katz AW, Carey-Sampson M, Muhs AG, Milano MT, Schell MC, Okunieff
P. (2007) Hypofractionated stereotactic body radiation therapy (SBRT) for
limited hepatic metastases. Int J Radiat Oncol Biol Phys 67:793–798.
6. Milano MT, Katz AW, Muhs AG, Philip A, Buchholz D, Schell MC et al.
(2008) A prospective pilot study of curative-intent stereotactic body
radiation therapy in patients with 5 or fewer oligometastatic lesions.
Cancer 112:650–658.
7. Andolino DL, Johnson CS, Maluccio M, Kwo P, Tector AJ, Zook J et al.
(2011) Stereotactic body radiotherapy for primary hepatocellular carci-
noma. Int J Radiat Oncol Biol Phys 81:e447–e453.
8. Chan LC, Chiu SK, Chan SL. (2011) Stereotactic radiotherapy for hepa-
tocellular carcinoma: report of a local single-centre experience. Hong
Kong Med J 17:112–118.
9. Rades D, Hornung D, Veninga T, Schild SE, Gliemroth J. (2011) Single
brain metastasis: radiosurgery alone compared with radiosurgery plus
up-front whole-brain radiotherapy. Cancer 118:2980–2985.
10. Herfarth KK, Debus J, Lohr F, Bahner ML, Wannenmacher M. (2001)
Stereotactic single-dose radiation therapy of liver tumors: results of a
phase I/II trial. J Clin Oncol 19:164–170.
11. Schefter TE, Kavanagh BD, Timmerman RD, Cardenes HR, Baron
A, Gaspar LE. (2005) A phase I trial of stereotactic body radiation therapy
(SBRT) for liver metastases. Int J Radiat Oncol Biol Phys 62:1371–
1378.
12. Wulf J, Guckenberger M, Haedinger U, Oppitz U, Mueller G, Baier K et al.
(2006) Stereotactic radiotherapy of primary liver cancer and hepatic
metastases. Acta Oncol 45:838–847.
13. McCammon R, Schefter TE, Gaspar LE, Zaemisch R, Gravdahl D, Kavan-
agh B. (2009) Observation of a dosecontrol relationship for lung and liver
tumors after stereotactic body radiation therapy. Int J Radiat Oncol Biol
Phys 73:112–118.
14. Rusthoven KE, Kavanagh BD, Burri SH, Chen C, Cardenes H, Chidel MA
et al. (2009) Multi-institutional phase I/II trial of stereotactic body radiation
therapy for lung metastases. J Clin Oncol 27:1579–1584.
15. Kavanagh BD, Schefter TE, Cardenes HR, Stieber VW, Raben D, Tim-
merman RD et al. (2006) Interim analysis of a prospective phase I/II trial
of SBRT for liver metastases. Acta Oncol 45:848–855.
16. Lee MT, Kim JJ, Dinniwell R, Brierley J, Lockwood G, Wong R et al. (2009)
Phase I study of individualized stereotactic body radiotherapy of liver
metastases. J Clin Oncol 27:1585–1591.
17. Gunven P, Blomgren H, Lax I. (2003) Radiosurgery for recurring liver
metastases after hepatectomy. Hepatogastroenterology 50:1201–1204.
18. Mendez-Romero A, Wunderink W, Hussain SM, De Pooter JA, Heijmen
BJ, Nowak PC et al. (2006) Stereotactic body radiation therapy for
primary and metastatic liver tumors: a single institution phase i-ii study.
Acta Oncol 45:831–837.
19. Kim MS, Kang JK, Cho CK, Choi CW, Seo YS, Hwang DY et al. (2009)
Three-fraction stereotactic body radiation therapy for isolated liver recur-
rence from colorectal cancer. Tumori 95:449–454.
20. van der Pool AE, Mendez Romero A, Wunderink W, Heijmen BJ, Lev-
endag PC, Verhoef C et al. (2010) Stereotactic body radiation therapy for
colorectal liver metastases. Br J Surg 97:377–382.
21. Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS, Rubin-
stein L et al. (2000) New guidelines to evaluate the response to treatment
in solid tumors. European Organization for Research and Treatment of
Cancer, National Cancer Institute of the United States, National Cancer
Institute of Canada. J Natl Cancer Inst 92:205–216.
22. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R
et al. (2009) New response evaluation criteria in solid tumours: revised
RECIST guideline (version 1.1). Eur J Cancer 45:228–247.
23. Kemeny MM, Adak S, Gray B, Macdonald JS, Smith T, Lipsitz S et al.
(2002) Combined-modality treatment for resectable metastatic colorectal
carcinoma to the liver: surgical resection of hepatic metastases in com-
bination with continuous infusion of chemotherapy – an intergroup study.
J Clin Oncol 20:1499–1505.
24. Wei AC, Greig PD, Grant D, Taylor B, Langer B, Gallinger S. (2006)
Survival after hepatic resection for colorectal metastases: a 10-year
experience. Ann Surg Oncol 13:668–676.
25. Engels B, Everaert H, Gevaert T, Duchateau M, Neyns B, Sermeus A et al.
(2011) Phase II study of helical tomotherapy for oligometastatic colorectal
cancer. Ann Oncol 22:362–368.
26. Rusthoven KE, Kavanagh BD, Cardenes H, Stieber VW, Burri SH,
Feigenberg SJ et al. (2009) Multi-institutional phase I/II trial ofstereotactic
body radiation therapy for liver metastases. J Clin Oncol 27:1572–1578.
27. Kim MS, Yoo SY, Cho CK, Yoo HJ, Choi CW, Seo YS et al. (2009)
Stereotactic body radiation therapy using three fractions for isolated lung
recurrence from colorectal cancer. Oncology 76:212–219.
28. Hoyer M, Roed H, Traberg Hansen A, Ohlhuis L, Petersen J, Nelleman H
et al. (2006) Phase II study on stereotactic body radiotherapy of colorec-
tal metastases. Acta Oncol 45:823–830.
29. Singletary SE, Walsh G, Vauthey JN, Curley S, Sawaya R, Weber KL et al.
(2003) A role for curative surgery in the treatment of selected patients with
metastatic breast cancer. Oncologist 8:241–251.
30. Elias D, Maisonnette F, Druet-Cabanac M, Ouellet JF, Grinebetiere JM,
Spielmann M et al. (2003) An attempt to clarify indications for hepatec-
tomy for liver metastases from breast cancer. Am J Surg 185:158–164.
31. Kagara N, Nakano Y, Watanabe A, Inatome J, Nakamura H, Kim C et al.
(2011) Curative-intent stereotactic body radiation therapy for residual
breast cancer liver metastasis after systemic chemotherapy. Breast
Cancer. Available at http://www.ncbi.nlm.nih.gov/pubmed/21728002
(last accessed 7 January 2013).
HPB 857
HPB 2013, 15, 851–857 © 2013 International Hepato-Pancreato-Biliary Association
